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Abstract — The Ministry of Youth and Sports is one of the 
Egyptian organizations which develop many projects that can 
be considered as infrastructure projects. This research will 
focus on sport and youth facilities. The research addresses cost 
and time overrun due to change orders and how to avoid/ 
reduce it in future projects. The objective of this study is to find 
out the main factors of cost overruns and delay in sports 
facilities project in Egypt , ranking them according to their 
relative importance and level of severity, investigating the 
expected effects of the previously identified factors on the cost 
and time overruns of a selected sample of the sports facilities 
projects in Egypt and developing a statistical regression models 
that can be taken as an approach in expecting cost and time 
overruns of any projects in the future. 

Index Terms — Analysis, Change order, Youth sports center 
projects in Egypt, Time delay and cost overruns. 


I. INTRODUCTION 

Changes in construction are events that result in any 
modification of the original or current scope. This include, 
modifications in time of execution, change in cost of work, 
specifications etc. Construction change orders are one of the 
most widely experienced change orders. However, many 
projects are plagued by severe construction disputes 
triggered by such changes. For a project to run its entire life 
without a single change order, would mean that the design, 
execution, coordination, and communication on the project 
have to be perfect. This is simply impossible. Different 
factors that occur at various phases of the project life cycle 
generally lead to time and cost overrun. Increase in project 
scope, design error, mistakes in soil investigation, difficulty 
in getting work permit from government and bureaucracy in 
bidding/tendering method are some of these factors. Through 
this research statistical regression models for time and cost 
overruns were developed using Excel Adds - on tool. To 
achieve this goal, first a review of the past literature is 
presented. The most important time and cost overrun factors 
were identified. Finally, the paper provided two regression 
models that can be used to assess the expected time and cost 
overruns in sports facilities construction projects in Egypt. 
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The development of the two models was discussed and the 
verification of them was also investigated. 

II. LITERATURE REVIEW 

Time and cost overruns are inherent characteristics for the 
construction industry in most countries based on several 
previous researches. Jahren and Ashe (1990) found that a 
cost overrun rate of 1 to 11% is more likely to occur on larger 
projects compared to overruns on smaller projects but 
mentioned that managers on large projects typically make 
special efforts to keep cost-overrun rates low. They also 
determined that the risk of high cost overrun rates is greater 
when the winning bid amount is less than the engineer’s 
estimate and further identified some cost-overrun factors 
such as the contract document quality, nature of interpersonal 
relations on the project and contractor policies. In other 
studies, the reasons for cost overruns have been found to 
include rising costs of labor and materials, inadequate 
analysis, poor costing methods, poor control and scheduling, 
and inadequate information, Akpan and Igwe (2001). The 
reasons for cost and time increases in engineering design 
projects were also categorized as those within the owner’s 
control for which the owner is responsible, those within the 
consultant’s control for which the consultant is responsible 
and those beyond the control of the owner or the consultant, 
such as increased work scope, changes in legislation or 
changes in standards and archeological discoveries, Chang 
(2002). Mansfield et al. (1994) investigated the important 
factors responsible for delays and cost overruns in highway 
construction projects in Nigeria such as poor contract 
management, material shortages, inaccurate estimating and 
overall price fluctuations. Preparation and approval of shop 
drawings, delays and cost overrun in contractor’s progress, 
payment by owners and design changes by owner are the 
most important time and cost overrun factors according to 
contractors, (Assaf, et al. 1995). Chan and Kumaraswamy 
(1997) indicated poor site management and supervision, 
unforeseen ground conditions, low speed of decision making 
involving all project teams, Client initiated variations and 
necessary variations of works as the main causes of time and 
cost overruns in Hong Kong. Trigunarsyah (2004) pointed to 
the fact that contractor involvement in pre-construction 
phases could reduce time and cost problems during site 
operation. Refer to Aibinu and Odeyinka (2006) delay is a 
situation when the contractor and the project owner jointly or 
severally contribute to the non-completion of the project 
within the agreed contract period. Delays in construction 
projects are frequently expensive since there is usually a 
construction loan involved which charges interest, 
Management staff dedicated to the project whose costs are 
time dependent and ongoing inflation in wage and material 
prices. Creedy (2004) is of the view that identification of the 
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existence and influence of cost overrun risk factors in a 
project can lead to a better control on project cost overrun 
and also can help in proposing solutions to avoid future 
overruns. 

Recently Gkritza and Labi (2008) determined that larger 
projects and longer duration projects were more likely to 
incur cost overruns and provided mathematical relationships 
between project size and overrun likelihood. Flyvbjerg et al. 
(2003) admitted that cost escalation is a pervasive 
phenomenon in transport infrastructure projects irrespective 
of project type, geographical location and historical period. 
Flyvbjerg et al. (2004) found that cost escalation is strongly 
influenced by the implementation phase length and project 
type, and suggested that decision makers and planners should 
be duly concerned about long implementation phases. Other 
studies from Hong Kong include the work of Lo et al. (2006) 
who examined the distribution of construction delays. Six of 
the most significant causes of construction delay were found, 
these are: unforeseen ground conditions, Poor site 
management and supervision, client variations, 
inexperienced contractor, slow coordination and seeking of 
approval from concerned authorities and inadequate 
contractor resources. This indicated that these construction 
delay problems still exist and that further action for 
improvement is required. Sambasivan and Soon (2007) 
established poor planning, poor site management, inadequate 
supervisory skills of the contractor, delayed payments, 
material shortage, labor supply, equipment availability and 
failure, poor communication and rework were the most 
important causes of delays in the Malaysian construction 
industry. Abdel-Razek et al. (2008) found that delayed 
payments, coordination difficulty, and poor communication 
were important causes of delay in Egypt. Le-Hoai et al. 
(2008) ranked the three top causes of cost overruns in 
Vietnam as material cost increase due to inflation, inaccurate 
quantity takes off and labor cost increase due to environment 
restriction. Kaliba et al. (2009) concluded from their study 
that the major causes of delay in road construction projects in 
Zambia were delayed payments, financial deficiencies on the 
part of the client or contractor, contract modification, 
economic problems, Material procurement, changes in 
design drawings, staffing problems, equipment 
unavailability, poor supervision, construction mistakes, poor 
coordination on site, changes in specifications, labor disputes 
and strikes. Agaba (2009) attributes delays in construction 
projects to poor designs and specifications, and problems 
associated with management and supervision. M.E. Kaliba, 
et al. (2009) concluded that cost escalation of construction 
projects in Zambia are caused by factors such as inclement 
weather, scope changes, environment protection and 
mitigation costs, schedule delay, strikes, technical challenges 
and inflation. 

III. OBJECTIVE 

The objectives of this research paper are: 

1- Determine the main factors which lead to cost overrun and 
time extension due to change orders in construction projects 
(will focus on sport facilities). 

2- Conduct detailed analysis of change order factors to assess 
the impact on cost and time of the construction projects. 

3- Develop a database upon which recommendations are 
made in order to reduce time delay and cost overruns due to 
change order. 


IV. METHODOLOGY 

The study will be conducted through the following sequential 
steps: 

1) Conduct extensive literature review on the previous 
literature in order to determine the causes of cost overrun and 
time extension. 

2) Develop an initial list of factors that affect cost and time 
overrun in construction projects generally. 

3) Divide these factors into groups due to responsibility 
Conduct meetings with experts to improve this fist of causes. 

4) Extend the study to include the Additive change order 
categories: 

a) Work disciplines (civil work, electrical work, structural 
work, architectural work) 

b) Project parties (Owner, consultant. Contractors, Local 
Authorities) 

5) Exclude the factors that are not lead to change order in the 
construction projects. 

6) To address the study objectives, data were collected from 
39 Sports facilities projects. This section describes these 
items, how they were selected and measured, and how to 
interpret them in the context of the modeling results. 

7) Investigate the relationship between the selected factors 
and time and cost overruns. 

8) Develop two statistical regression models for time and 
cost overruns. 

9) Develop a recommendation in order to avoid / reduce cost 
overruns and time extension due to change order. 

V. DATA COLLECTION TICHNIQUE 

A. Identify the main factors affecting time and cost overrun 
From the previous literature review, the factors that cause 
cost and time overrun from the four Egyptian literature were 
gathered in the table (4) as shown below, which concluded 
126 factors that cause time and cost overruns in Sports 
facilities buildings projects in Egypt. After that, the identified 
(126) factors that lead the sports facilities building projects in 
Egypt to time and cost overruns were grouped into seven 
groups due to factors responsibility (Owner related factors, 
consultant related factors, contractor related factors. Local 
authorities related factors, Site conditions related factor. 
Force majeure related factors and Factors not leading to 
change order). Then from the previous factors, the factors 
will not lead to change order such as factors related to 
contractor and other will be excluded to be (66) factors. After 
that in this step, the most important factors from the previous 
(66) factors will be determined due to what really happened 
in the project and gathered to be just (7) factors as follow: 

1) Additional work during construction. 

2) Suspension of work by owner. 

3) Design errors and revisions. 

4) Foundation conditions encountered in the field. 

5) Local Authorities Utility Relocation. 

6) Changes in site conditions. 

7) Political situation. 

B. Back Ground Information on the Youth Sport Center 
Construction Project 

The sample of this study will be a Youth Sports Center which 
is a club for the purpose of playing one or more sports. YSC 
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range from organizations whose members play together, 
unpaid, watched mostly by family and friends, to large 
commercial organizations with professional players which 
have teams which regularly compete against those of other 
clubs and attract sometimes very large crowds of paying 
spectators. YSC may be dedicated to a single sport, or to 
several (multi-sport Center). 

VI. MODEL DEVELOPMENT AND ANALYSIS 

Once the highest important 7 factors (quantitative and 
qualitative) that could impact time and cost overruns in 
Sports facilities building projects in Egypt were identified, 
The Input Data to be examined using regression analysis was 
the severity of these factors on the 39 Sports facilities 
building projects sites. The Output is to develop the two 
regression models to be used for future consideration to 
assess in expected cost and time overruns of any future Sport 
facilities building projects. Using this software, a regression 
equation is fitted to the significant independent variables. 

A. Cost overrun regression model 
• Correlation test: 

Figure 1 Correlation test for cost overrun 


• Regression Analysis: 

_ Figure 2 Regr ession test for cost overrun 
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From the above regression analysis, we can figure out the 
following: 


Original cost |E.P.) 1 

Original Duration (M 0*13! 1 

Additional work during construction -01335MB WB 1 

Susptnsmofvnrkbyoivner -0.071862278 -MBS-OB® 1 

Designeirmandrevisions -0.1B3H3-0.SMO/ -0.10402413 -0.05093877 1 

Foundation conditions encountered in the field 0.306138164 0.207113341 -0.260385927 -0.127500352 -0.246787423 1 

Differentsitecondition -0.134248363 4198256115 -0.068523339 -0.0333* -OHS* -0.162566121 1 

Local Authorities Utility Relocation -0,120*11 -0.12100095 -0.091743548 -0.044923068 4086952295 -0.11/031103 -1052)10// 1 
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So we can figure out that there is a very strong uphill 
(positive) linear relationship between cost increase and 

original cost of the project which make sense, the greater the 
original cost the greater the cost increase. 

Also, we can figure out that there is a strong uphill (positive) 
linear relationship between cost increase and original 
duration of the project which means that when the original 
duration increase, the cost overrun will increase strongly. 
Also, we can figure out that there is a moderate uphill 
(positive) linear relationship between cost increase and 

foundation condition of the project which means that when 
the foundation condition encountered in the field happens, 
the cost overrun will increase moderately. 

Also, we can figure out that the linear relationship between 
cost increase and the rest of variables vary between a weak 
uphill (positive) and weak downhill (negative) so we can 
neglect the relationship between them. 


1- Multiple R (coefficient of correlation) = 0.935 ... Which 
means the correlation between the variables in this model is 
excellent. 

2- The robustness or the strength of the regression model can 
be determined by examining the model coefficient of 
determination (R2). The coefficient of determination R2 
represents the total variability in time and cost overrun in 
Sport facilities building projects in Egypt. 

3- R2 = 0.873946616 ... which means that 87.4% of the total 
variation in time overrun can be explained by the model. 

4- The p-value for each term tests the null hypothesis that the 
coefficient is equal to zero (no effect). A low p-value (< 0.05) 
indicates that you can reject the null hypothesis. In other 
words, a predictor that has a low p-value is likely to be a 
meaningful addition to your model because changes in the 
predictor's value are related to changes in the response 
variable. Conversely, a larger (insignificant) p-value 
suggests that changes in the predictor are not associated with 
changes in the response. 

5- P-value (original duration) = 0.418943333 > 0.05...which 
means the significance of this variable is very low 
(insignificant), thus we can exclude it and start a new 
regression analysis without it. 

• Regression Analysis after exclusion the insignificant 
variables: 
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Figure 3 Regression Analysis after exclusion the 
_ insig nificant variables 
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1- Multiple R (coefficient of correlation) = 0.933 ... (Almost 
the same) Which means the correlation between the variables 
in this model is excellent. 


2- R2 = 0.871 ... which means that 87.1% of the total 
variation in cost overrun can be explained by the model. 

3- Cost overrun = -710181.8185 + 0.4873 x original cost + 
276291.4687 x Additional work during construction + 
252080.5423 x Suspension of work by owner + 354184.999 
x design errors and revision + 307136.8833 x Foundation 
condition encountered in the field + 270171.7669 x different 
site condition + 266490.0941 x Local authorities’ utility 
relocation + 252613.7949 x Political situation. 


B. Time Delay regression model 
• Correlation test: 

Figure 4 Correlation test for Time delay 
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From the above chart, we can figure out that the linear 
relationship between time extension and the whole variables 
vary between a weak uphill (positive) and weak downhill 
(negative) so we can neglect the relationship between them. 


• Regression Analysis: 

_ Figure 5 Regres sion Analysis for Time delay 









From the above regression analysis, we can figure out the 
following: 


1- Multiple R (coefficient of correlation) = 0.669 ... Which 
means the correlation between the variables in this model is 
good. 

2- The robustness or the strength of the regression model can 
be determined by examining the model coefficient of 
determination (R2). The coefficient of determination R2 
represents the total variability in time and time extension in 
Sport facilities building projects in Egypt. 

3- R2 = 0.4471(< 0.7) ... which means that 44.71% of the 
total variation in time extension can be explained by the 
model, and it’s too low...which means that the model is so 
weak. 

4- P-value (original cost, original duration, additional work 
during construction, Design errors and revisions, Foundation 
conditions encountered in the field, Different site condition 
and Local Authorities Utility relocation) > 0.05... which 
means the significance of these variables is very low 
(insignificant), thus we can’t count on this regression 
analysis. 

5- From the previous data we can figure out the model for 
time extension is not working properly, and we cannot 
account on it to validate another projects with the same 
criteria. May be because at this model the main factors that 
lead to time extension don’t affect the project duration due to 
floating of the project items, or because it’s not comply with 
the amount of additional work in the project due to these 
factors. 


VII. MODEL DEVIATION 


The data collected was examined by comparing the actual 
cost overrun for the 39 Sport facilities building projects to the 
estimated cost overrun by substituting the data for 39 projects 
in the estimated cost overrun regression model, then we are 
going to calculate the percentage of error of the cost overrun 
according to the following equation: 


Estimating Error (%) = 

[Regression OUTPUT-Actual Output) ^ ^QQ 
Actual Output 


Average ERROR - 


Ya=i Estimating Error 
n 
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Where n is number of experiments. 


No. 

Original 

(E.P.) 

Actual 

cost 

increase 

(E.P.) 

Estimated 

cost 

increase 

(E.P.) 

(%) 

1 

588000 

105840 

-116540 

10.11 

2 

588000 

41160 

-153505 

272.95 

3 

672000 

2096640 

1388178 

33 

4 

672000 

188160 

169836 

9.74 

5 

672000 

376320 

538664 

43.14 

6 

672000 

329280 

231527 

29.69 

7 

672000 

362880 

427768 

17.88 

8 

672000 

1545600 

1152937 

25.41 

9 

672000 

342720 

538664 

57.17 

10 

672000 

430080 

446127 

3.73 

11 

672000 

725760 

1152937 

58.86 

12 

672000 

792960 

1388178 

75.06 

13 

896000 

277760 

278981 

0.44 

14 

896000 

250880 

434768 

73.3 

15 

896000 

188160 

33535 

82.18 

16 

896000 

152320 

-7112 

95.33 

17 

896000 

250880 

259378 

3.39 

18 

896000 

188160 

259378 

37.85 

19 

896000 

734720 

734720 

0 

20 

896000 

89600 

33535 

62.57 

21 

1022933 

450091 

546088 

21.33 

22 

1022933 

603531 

709657 

17.58 

23 

1022933 

347797 

340829 

2 

24 

1022933 

102293 

95383 

6.75 

25 

1022933 

225045 

95383 

57.62 

26 

1022933 

51147 

40860 

20.11 

27 

1206666 

543000 

382999 

29.47 

28 

1206666 

603334 

635612 

5.35 

29 

1206666 

410267 

382999 

6.65 

30 

1206666 

820534 

799182 

2.6 

31 

1206666 

120667 

231956 

92.23 

32 

1206666 

144800 

231956 

60.19 

33 

2795668 

643003 

959156 

49.17 

34 

2918022 

1225569 

1325910 

8.19 

35 

4382712 

2147528 

2039586 

5.03 

36 

4382712 

3024071 

2346723 

22.4 

37 

4382712 

2016047 

2039586 

1.17 

38 

4090430 

2362470 

2204308 

6.69 

39 

4090430 

1186224 

1897171 

59.93 

Average Cost Overrun 37.59641026 % 

Error percentage 


Table 1 Validation of the model 


VIII. CONCOLUSION 

1- The probability of occurrence of cost overrun increase as 
the original cost increase. 

2- The concluded seven significant factors from the 
regression models affecting time and cost overruns in sports 
facilities projects in Egypt are: 


A. Additional work during construction 

B. Suspension of work by owner. 

C. Design errors and revisions. 

D. Foundation conditions encountered in the field. 

E. Different site condition. 

F. Local Authorities Utility Relocation. 

G. Political situation. 

3- A design with errors practically means wrong or 
insufficient representation of project deliverables. This will 
lead to wrong application of techniques in achieving result, 
such that as the actual execution phase of the project unfolds 
these design errors, attempt to correct it will lead to delay and 
cost overrun. Another way design errors could lead to cost 
overrun and delay could be seen in the fact that project 
estimations are done base on the produced designs, as such, 
having errors in design in a form of omission or 
misrepresentation will mean that the estimation for the 
project cost will also include these omissions, thereby 
leading to extra works, change order etc., thus resulting in 
delay and cost overrun. Similarly, designs that are done 
without extensive investigation of site could contain 
potential errors. This is because such designs could lead to 
additional work, revision of scope of work, and contract 
revision as the actual site conditions begins to float up at the 
construction phase of the project. These will no doubt affect 
the overall project delivery time and cost. 

4- Any additional work in the project during execution will 
mean that the entire initial project plan will have to be 
reviewed such that a reviewed budget, schedule and quality 
will have to be developed. This means more time and 
resources will be needed as against the initial baseline. “With 
each additional work, precious project resources are diverted 
to activities that were not identified in the original project 
scope, leading to pressure on the project schedule and 
budget”. Additional work could be as a result of wrong initial 
scope definition, inherent risk and uncertainties, sudden 
change of interest, project funding change, etc. this could 
lead to change request which in turn could lead to change in 
project deliverables, budget and/or even the entire project 
team. Poor scope change management could lead to dispute 
that may require spending time and money on arbitration and 
litigation for what the contractor or the client believes he is 
entitle to. This will no doubt lead to delay and cost overrun of 
the project. 

5- Testing the validity of the developed cost overruns 
regression model clearly shows that the developed models 
can be taken as a new approach in expected cost and time 
overruns of any projects at level of confidence 63%. 

6- Cost overrun = -710181.8185 + 0.4873 x original cost + 
276291.4687 x Additional work during construction + 
252080.5423 x Suspension of work by owner + 354184.999 
x design errors and revision + 307136.8833 x Foundation 
condition encountered in the field + 270171.7669 x 
different site condition + 266490.0941 x Local authorities’ 
utility relocation + 252613.7949 x Political situation. 

7- The time extension regression model is not working 
properly and can’t be trusted, because the nature of the 
sample project. The significant factors affecting the time of 
the project lead to additional work can be done at the original 
duration of the project because the contractor can float the 
time of the project items during the construction phase, more 
over that the original project duration was more than enough 
to finish the desired work. 
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IX. RECOMMENDATIONS FOR THE PARTICIPATORS 

1- The new participators in such projects (Youth Sports 
Center) can use the cost overrun model to predict the cost 
overrun of the project during the planning phase which will 
enable him/them to increase the budget of the project from 
the bedding phase. 

2- Good communication with the entire design team and 
integrating a design process that is properly planned, 

3- Giving enough time for corrections, extensive 
investigation and reviews. 

4- An effective project planning, controlling and monitoring 
should be established to enhance project performance 
throughout the project life cycle. 

5- Application of value management could be used to obtain 
the best Cost effective design options. 

6- Proper site investigation should be done to ensure that all 
site conditions are noted in the design. 

7- identify the fact that change is inevitable in project and 
could equally be beneficial to the entire project success. 

8- Integrate a proper change management plan such that a 
proactive approach could be adopted involving the project 
stakeholders and incorporating their needs throughout the 
project lifecycle. 

9- During the planning phase of the project, identify the key 
success factor in conjunction with the client and establish 
KPI in the form of milestone that will measure the success for 
of attaining the project scope. 

10- Seek approval for changes from sponsor and 
communicate changes in a timely way. 

11- The scope could be frozen so as to concentrate on the 
expected deliverable for highly evolving change in project. 

12- The government should work to establish utility map 
covering the whole areas in Egypt and make it available 
when required 

RECOMMENDATIONS FOR FUTURE WORK 

1- Using another way to evaluate the impact of each factor 
on the project, for example dividing the additional work into 
two or three factors due to the percentage of the cost increase 
in each project. 

2- Choose another analysis way to establish a model, such 
as Neural network. 

3- Choose another sample project which can be analyzed 
easily without interference between variables and its effect 
on cost and time. 

4- Enlarge the number of projects within the sample. 

5- Take the suitability of the Project duration factor into 
consideration as a new factor affecting the cost overrun and 
time delay. 
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